Objective Heart failure is a major cause of disease burden in sub-Saharan Africa (SSA). There is an urgent need for better strategies for heart failure management in this region. However, there is little information on the capacity to diagnose and treat heart failure in SSA. We aim to provide a better understanding of the capacity to diagnose and treat heart failure in Kenya and Uganda to inform policy planning and interventions. Methods We analysed data from a nationally representative survey of health facilities in Kenya and Uganda (197 health facilities in Uganda and 143 in Kenya). We report on the availability of cardiac diagnostic technologies and select medications for heart failure (β-blockers, ACE inhibitors and furosemide). Facilitylevel data were analysed by country and platform type (hospital vs ambulatory facilities). results Functional and staffed radiography, ultrasound and ECG were available in less than half of hospitals in Kenya and Uganda combined. Of the hospitals surveyed, 49% of Kenyan and 77% of Ugandan hospitals reported availability of the heart failure medication package. ACE inhibitors were only available in 51% of Kenyan and 79% of Ugandan hospitals. Almost one-third of the hospitals in each country had a stock-out of at least one of the medication classes in the prior quarter. conclusions Few facilities in Kenya and Uganda were prepared to diagnose and manage heart failure. Medication shortages and stock-outs were common. Our findings call for increased investment in cardiac care to reduce the growing burden of heart failure.
IntrOductIOn
The burden of heart failure (HF) is of increasing concern as a major cause of cardiovascular disease in sub-Saharan Africa (SSA).
1-4 HF appears to occur at an earlier age and carry a higher rate of in-hospital mortality in SSA compared with other regions of the world. 2 Non-ischaemic causes of HF, including hypertensive heart disease, rheumatic heart disease and non-ischaemic cardiomyopathy, appear to be particularly common. 3 5 The WHO's Global Action Plan has put forth a target of a 25% relative reduction in overall mortality from cardiovascular diseases by 2025. 6 To accomplish this, the European Society of Cardiology has launched the Global Heart Failure Awareness Programme that outlines a comprehensive approach which includes the application of best practices in diagnosis, treatment and long-term management. 7 For HF with reduced ejection fraction, this would include treatment with diuretics, ACE inhibitors and selected β-blockers. Guideline-directed medical therapy for HF has been shown to be cost-effective or even cost saving in low-income and middle-income countries (LMICs) such as those in SSA. 8 9 The use of evidence-based medications for HF in SSA is poor, 10 but access to and availability of these therapies is unknown. Using health facility data collected as part of the Access, Bottlenecks, Cost and Equity (ABCE) Study, we assessed the countrywide capacity to diagnose and treat HF in Kenya and Uganda. In particular, we examined the availability of standard diagnostic modalities and basic medications, including selected β-blockers, selected ACE inhibitors and a diuretic, for HF care.
MethOds health facilities in Kenya and uganda
Kenya and Uganda have national health systems that are similarly organised into tiers (figure 1). The tiers are designed to deliver increasing levels of healthcare as it pertains to equipment and medication availability, infrastructure, medical expertise and acuity. National guidelines in both countries classify medications, equipment and supplies by the lowest tier of intended use (and are assumed to be available at higher tiers). Hospital tiers differ slightly in title between the two countries. Subdistrict hospitals in Kenya and health centre IVs in Uganda represent analogous healthcare tiers and are the tier at which most HF medications and diagnostic equipment are expected to be available. Among the different ambulatory platforms, clinics represent the lowest tier in both countries and provide basic curative services. They are typically managed by one health professional. In Kenya, other ambulatory facilities include maternity homes and health centres, the latter of which serve as the country's main primary care facilities. In Uganda, other ambulatory facilities include health centre IIs and health centre IIIs, which differ in that health centre IIIs serve a larger population and provide some basic inpatient and laboratory services.
survey design and data collection
The ABCE study utilised health facility surveys to collect information on a nationally representative group of health facilities in Kenya and Uganda in 2011 and 2012. The methods of the ABCE study have been previously reported. [11] [12] [13] In
OriGinAl rESEArCH ArTiClE
Capacity for diagnosis and treatment of heart failure in sub-Saharan Africa healthcare delivery, economics and global health brief, health facility selection for ABCE used a two-step stratified random sampling process. In Kenya, counties were stratified into 27 groups based on rates of malnutrition (based on the Kenya Integrated Household Budget Survey 2005-2006), health expenditure (based on data from the Kenya National Bureau of Statistics) and population density. One county from each stratum was selected for sampling. In Uganda, 10 regions outlined by the 2011 Uganda Demographic and Health Survey were used to group districts and then two districts from each region were randomly selected for sampling. The second step for both countries involved sampling two to three facilities from each defined platform type within each county/region, including all national/provincial/referral hospitals and training institutions. 12 13 The health facility surveys included six modules to cover each facility's finances, management, medical consumables, equipment, services, drugs and outputs. This information was supplemented by district level data (eg, salary and capital expenditure data) when available. Surveys evaluated facility inventories, healthcare delivery capacity and a variety of financial measures across different platforms. Detailed survey methods have been previously reported. [12] [13] [14] Only selected pharmaceutical stock was evaluated based on necessity for treating prevalent communicable and non-communicable diseases. The ABCE study was reviewed and approved by Institutional Review Boards in Uganda (Ministry of Health, Makerere University, Uganda National Council for Science and Technology), Kenya (Africa Action Help-International, Ministry of Medical Services, Ministry of Public Health and Sanitation) and the University of Washington (Seattle, Washington, USA).
Adult hF guidelines in Kenya and uganda
Essential medications listed for HF includes digoxin, enalapril, furosemide and hydrochlorothiazide in Kenya and only digoxin in Uganda. 15 16 The Kenyan national clinical guidelines list only furosemide as first-line therapy, while ACE inhibitors are reserved for unresponsive patients and digoxin for patients with atrial fibrillation. 17 The Ugandan national clinical guidelines for managing HF recommend first-line therapy with furosemide and ACE inhibitors. Some β-blockers (propranolol and atenolol), ACE inhibitors (lisinopril and captopril) and diuretics (furosemide) are listed as essential medications in one or both of these countries but for indications other than HF. 15 16 While variation exists in how medications are dispensed among facilities in each country, public hospitals should carry essential medications and dispense them free of charge.
data analysis
Acute HF is a clinical diagnosis based on patient history and physical examination. We considered resources for the care of acute HF across two domains: diagnostic modalities and medication availability. For each diagnostic modality (ECG, radiography and ultrasound), we assessed whether a facility would be able to successfully acquire each study type based on the availability of at least one functional device and the availability of appropriate staff for acquisition. The ABCE survey did not specifically assess the availability of physicians or other providers trained in interpreting the results of these studies.
The ABCE survey did not ask about the treatment of HF directly or the availability of the full range of medications used to treat HF, most notably digoxin and enalapril. However, it did include two classes of medications used for treating acute HF: a loop diuretic (furosemide) and two ACE inhibitors (captopril and lisinopril), which will be referred to as 'selected ACE inhibitors.' Though not indicated for HF with reduced ejection fraction, we have included the two β-blockers included in the survey (atenolol and propranolol), which will be referred to as 'selected β-blockers', because of their use in managing hypertension and atrial fibrillation, which are common causes of HF. In addition to assessing the availability of a given combination of medications, we examined the prevalence of minor (1 day) and major (8+ days) stock-outs in the prior quarter (preceding 3 months).
We excluded dispensaries, community pharmacies, and counselling centres, as these facilities are not expected to provide acute medical care. Baseline facility data were described by platform type (ie, hospital, health centre, etc), ownership (public vs private), inpatient care availability and location (urban, semiurban, rural). Hospital data (beds, staff, medical providers) were described by both means and medians to account for positive skewness in facility size. Facility diagnostic and treatment capacity were analysed by country and platform type. The data were expressed using means, medians and percentages, where appropriate. All analyses were conducted using STATA statistical software, V.13.1.
results

Facility profile
The survey sampled a total of 340 facilities that provided direct patient care, 143 in Kenya and 197 in Uganda (table 1) . Approximately two-thirds of the facilities in each country provided some level of inpatient care. The proportion of national, district and private hospitals in each country was similar. Less than one-third of the facilities in each country were located in an urban setting while rural facilities were more common in Uganda than Kenya. More than half of the facilities in both countries had public ownership and approximately one-half of the facilities in each country were managed at least in part by the Ministry of Health.
diagnostic imaging availability
All of the facilities replied to the survey questions regarding the imaging modalities, radiography and ultrasound (table 2) for a 100% response rate. Less than 10% of the ambulatory facilities reported having functional and staffed radiography and ultrasound. Among hospitals, the reported rates for radiography and ultrasound were approximately 55% and 38% in Kenya and 36% and 46% in Uganda, respectively.
electrocardiography availability
Only 101 facilities (47 in Kenya and 54 in Uganda) replied to survey questions regarding ECG, a response rate of 29%. The healthcare delivery, economics and global health majority of the respondent organisations were hospital-level facilities. Less than half of the hospitals in both countries and only two ambulatory facilities (both in Kenya) reported having functional and staffed ECG.
Medication availability
All of the facilities replied to the survey questions regarding medication availability for a 100% response rate (table 3) . Among hospital-level facilities, the availability of furosemide and a selected β-blocker was over 90% in respondent facilities within each country. The availability of selected ACE inhibitors and all three medications was approximately one-half of the hospitals in Kenya and three-fourths of the hospitals in Uganda. Ambulatory facilities had lower rates of availability of all selected medications. Only 23% of those facilities in Kenya and 22% in Uganda had all three medications available. Availability of the selected ACE inhibitors in ambulatory care settings was particularly low in both countries.
Medication stock-outs
All of the facilities responded to the survey questions regarding minor and major stock-outs of medications on their formularies in the prior quarter (preceding 3 months) (table 4), Almost one-third of the hospitals in each country had a minor stock-out of at least one of the medication classes. These rates were even higher for ambulatory facilities. As expected, the rate of major healthcare delivery, economics and global health stock-outs was lower in both countries. ACE inhibitors were the most commonly stocked out medication class in both countries.
dIscussIOn
Our study revealed that a large number of the facilities in Kenya and Uganda lack essential tools for diagnosing and treating HF (figure 2). Moreover, we found that selected ACE inhibitors were present in only half of Kenyan hospitals and three-fourths of Ugandan hospitals. Major stock-outs were noted in 22% of Kenyan and 14% of Ugandan hospitals. Our findings call for increased efforts in Kenya and Uganda to ensure the availability of drugs and equipment. Furthermore, while beyond the scope of this survey, it is crucial to provide training or have trained medical doctors to properly diagnose and treat HF. The WHO does not provide specific recommendations regarding diagnostics for HF in resource-limited settings. It has been reported that screening patients for HF with a basic natriuretic peptide (BNP) followed by echocardiography (for abnormal BNP results) would be a cost-effective approach. 18 However, the Kenyan and Ugandan clinical guidelines include hospital-based chest radiography, ECG and echocardiography as standard investigations for the diagnosis of HF but not laboratory BNP assessment. 17 19 Our analysis shows that only approximately one-third to one-half of hospitals (including subdistrict hospitals in Kenya and health centre IVs in Uganda) in each country had equipment and trained staff for all of these modalities. Notably, while we report on the availability of ultrasound, we were unable to assess whether it was used for cardiac imaging. A recent large meta-analysis of HF in LMIC included only one study (out of 42) that used echocardiographic criteria for diagnosis. 10 The lack of echocardiographic utilisation is unfortunate, as training nurses and mid-level providers in simplified echocardiographic protocols has been recommended as an effective strategy to improve HF diagnosis and management in SSA. 20 In 2010, the WHO outlined a core set of pharmacological interventions for non-communicable diseases in resource poor settings, including a cost-effective approach to congestive HF in district hospitals using ACE inhibitors, β-blockers and diuretics. This approach has an estimated cost of $150 per disability-adjusted life year. 21 Despite the cost-effectiveness, prescription rates of these medications for HF in SSA are suboptimal, with fewer than half of patients admitted to the hospital for HF receiving preventive medications. 22 Specifically, one study from university hospitals in nine sub-Saharan countries (including Kenya and Uganda) reported prescription rates of 75%-85% for ACE inhibitors and less than 50% for β-blockers at all time points. The same study reported prescription rates for loop diuretics to be only 15% at admission. 22 Khatib et al recently estimated the availability of β-blockers, ACE inhibitors, aspirin and statins in ambulatory pharmacies in low-income countries to be between 3% (rural) and 25% (urban). 23 Similarly, a 2008 WHO report showed that the mean availability of 15 essential first-line medications in public sector clinics was only 29.4% across eight African countries. 24 However, to our knowledge, no study has previously reported availability of HF medications in hospitals in LMICs or in SSA. In our study, only one-half of hospitals in Kenya and three-fourths of hospitals in Uganda had one of the selected β-blockers, selected ACE inhibitors and furosemide available. More concerning is that a third of all hospitals surveyed reported at least one of these medication classes to never be available (supplementary appendix table 1).
Among facilities that carried the selected β-blockers, ACE inhibitors and furosemide on their formularies, medication stockouts in the prior quarter were common. A major stock-out of at least one of the medication classes was reported in 14%-22% of hospitals and 20%-27% of ambulatory facilities. While no Minor=1 day stock-out in the last quarter; major=8+ day stock-out in the last quarter.
Figure 2
Capacity to diagnose and treat heart failure in hospitals in sub-Saharan Africa hospitals in Kenya and Uganda had good availability of furosemide and selected β-blockers but poor availability of selected ACE inhibitors. Major medication stock-outs in the preceding quarter (3 months) were fairly common. There was overall poor availability of essential equipment to diagnose heart failure.
healthcare delivery, economics and global health study has previously reported stock-out rates for HF medications in SSA, stock-outs of essential medications for psychiatric disorders, communicable diseases and analgesia are common. Stock-out rates for these medications have been estimated to be between 20.5% and 45.5% or higher. [25] [26] [27] Kenya and Uganda differ with respect to their national clinical guidelines and essential medication lists. 15-17 19 Notably, neither captopril nor lisinopril are listed as essential medications for any indication in Kenya, a difference which likely explains the lower availability of these medications in Kenya (51%) relative to Uganda (79%). Additionally, neither digoxin, the only HF medication listed as essential in both countries, nor enalapril, the only ACE inhibitor listed as essential in Kenya, was included in the ABCE survey. We, therefore, can make no inference regarding the availability of these medications.
Our findings show that poor access to essential health products in SSA extend to the care of HF. Decision making regarding national health expenditures is particularly complex in resource-limited settings. LMICs may appropriately forego investment in some areas to address more urgent national burdens. However, ACE inhibitors are among the most effective interventions for hypertension and therefore could contribute significantly to a health system capacity to prevent myocardial infarction, stroke and HF while simultaneously improving the capacity to treat HF when it does occur. Improving the availability of low-cost generic versions of these pharmaceuticals would directly address the rising burden of cardiovascular disease in these countries.
lIMItAtIOns
For our analysis, we used existing data from a survey designed to evaluate healthcare across multiple conditions. There were low response rates to questions pertaining to ECG availability. This is secondary to an oversight in the survey design logic. Specifically, the survey logic included a gate question regarding whether the facility provided imaging services. If the answer to this question was 'no', the respondent was not prompted to answer specific questions about ultrasound, radiography and ECG. As such, it cannot be implied that the facilities that answered 'no' to the gate question would have answered 'no' to questions specific to ECG.
Additionally, pharmacy data were collected on a set of specific medications rather than investigating the complete set of pharmaceuticals available in a facility. It remains possible that other forms of ACE inhibitors and β-blockers that are neither included in the country's essential medication list nor asked about in the ABCE survey were available in the facilities. For instance, metoprolol and enalapril are commonly used medications in LMIC, but neither were included in the ABCE survey. Additionally, the questions in the survey asked about ultrasonography, but did not specifically assess echocardiography capabilities. Lastly, while the ABCE survey comprised a comprehensive set of public facilities, it did not include a comprehensive set of private facilities. Thus, we were limited in comparing public to private facilities and were able to capture the full capabilities of private facilities.
cOnclusIOn
Our study shows that access to diagnostic tools and some medicines needed to diagnose and treat HF in Kenya and Uganda is limited. There is an urgent need to improve access to basic cardiovascular medications such as ACE inhibitors that can be used to treat hypertension in addition to HF with reduced ejection fraction. Low-cost generic versions of these medications need to be made broadly available to improve cardiovascular care in Kenya and Uganda.
contributors All authors contributed to the manuscript as follows: SC, JA, Gi: conception, design, data collection. SC, AW, GAr: analysis and interpretation of data. SC: drafting the article. HCD, GAr, GB, AHM, AS: critical revision for important intellectual content. SC, GAr, HCD: final approval of the version to be published. All authors read and approved the final manuscript.
competing interests none declared.
Provenance and peer review not commissioned; externally peer reviewed. data sharing statement The ABCE study data are available for free download at the institute for Health Metrics and Evaluations Global Health Data Exchange website (http:// ghdx. healthdata. org/ series/ access-bottlenecks-costs-and-equity-abceproject).
Key messages
What is already known on this subject?
The WHO has identified the use of ACE inhibitors, β-blockers and loop diuretics in hospitals as a cost-effective policy for treatment of acute heart failure (HF). However, no prior studies have examined the availability of standard diagnostic equipment or HF medications in hospitals in sub-Saharan Africa.
What might this study add?
This study is the first nationally representative assessment of the capacity to provide HF care in two countries within sub-Saharan Africa (SSA). Equipment and trained staffing for electrocardiography, ultrasonography and radiography were available in 44%, 38% and 55% of Kenyan hospitals and in 28%, 46% and 36% of Ugandan hospitals, respectively. Additionally, only 49% of Kenyan hospitals and 77% of Ugandan hospitals had a medication from each class (selected β-blockers, selected ACE inhibitors and a loop diuretic) and 14%-22% of hospitals reported a major medication stock-out.
how might this impact on clinical practice?
Our study shows that essential HF medications and standard diagnostic equipment remain unavailable within many hospitals in SSA. Novel low-cost strategies need to be developed and tested in resource-limited settings to reduce these disparities in care.
